INTRODUCTION
============

Theory of mind refers to the ability of a person to attribute mental states and feelings to other people; it can generally be divided into cognitive and affective aspects. Cognitive theory of mind refers to the ability to make inferences about others' beliefs and intentions, whereas affective theory of mind corresponds to the ability to infer what a person is feeling \[[@b1-pi-2020-0040]\].

Affective theory of mind can be assessed by a variety of measures. One standard measurement is the Reading the Mind in the Eyes test (the Eyes test) which evaluates the ability to decode others' complex emotional and mental states using stock photos of people's upper face region \[[@b2-pi-2020-0040]\]. Several published papers, including multiple meta-analyses, reported people with schizophrenia demonstrated large magnitudes of deficit in affective theory of mind compared to healthy normal controls \[[@b3-pi-2020-0040]-[@b5-pi-2020-0040]\].

Although many studies have examined the affective theory of mind ability in schizophrenia patients, the specificity of complex emotional decoding deficits is rarely explored. While previous research on facial emotion recognition frequently noted that negative emotion decoding presents with far more deficits than positive emotion decoding \[[@b6-pi-2020-0040],[@b7-pi-2020-0040]\], most of this merely focused on basic facial emotion acknowledgement. By only utilizing six basic emotions in these tests, i.e., happiness, anger, disgust, fear, sadness, and surprise \[[@b8-pi-2020-0040]\], highly common but complex feelings of subtle affective mental states (e.g., regret, doubt, interest), were not examined. Moreover, among basic states, happiness is the only positive one; therefore, there is a natural imbalance between positive and negative feelings. There is also a concern that identifying happiness, among all the other negative emotions, is relatively easier than differentiating one negative feeling from the others.

In the present study, we use the Eyes test \[[@b2-pi-2020-0040]\], which explores beyond basic emotions. Its items can be classified into three emotional valences: negative, positive and neutral \[[@b9-pi-2020-0040]\]. Our objective was to examine whether the impairment of affective theory of mind in clinically stable schizophrenia patients varies by emotional valence as compared to the normal controls.

METHODS
=======

Participants
------------

Inclusion criteria for both groups were 1) age between 20 to 60 years old 2) Thai literate 3) had at least of 4 years of formal education 4) no major neurological diseases (e.g., stroke), and 5) no history of substance dependences (except for smoking). We recruited 50 patients diagnosed with schizophrenia, according to the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5) criteria by our psychiatrists, at an outpatient mental health clinic, Thammasat University Hospital, Thailand from 1 June 2016 to 31 May 2017. All the schizophrenia patients had received medical treatment for at least 12 weeks and were clinically stable, defined by no significant changes in medical treatment and psychotic symptoms for the last 12 weeks. Schizophrenia patients were matched 1:1 for comparable education with a control group. These 50 normal controls were recruited from relatives or spouses of patients (78%) or patients attending the family medicine clinic (22%: health checkup 12% and other diagnoses 10%). They were free of any history of major psychiatric disorder (i.e., schizophrenia, bipolar disorder, major depressive disorder, and intellectual disabilities).

The Reading the Mind in the Eyes (the Eyes)
-------------------------------------------

A paper version of the Eyes test was used which consists of 36 photos of eyes expressing a variety of complex emotional and mental states. For each photo, a participant has to decide which one of four words best describes what the person in the picture was feeling. Responses are scored 1 or 0 for correctness. Scores range from 0 to 36, with higher scores indicating better affective theory of mind \[[@b2-pi-2020-0040],[@b10-pi-2020-0040]\]. Following Harkness et al., \[[@b9-pi-2020-0040]\] the test items were classified into the three emotional valences of negative, positive and neutral. There were 8 items for positive valence (playful, fantasizing ×2, thoughtful, friendly, interested, flirtatious, and confident), 12 items for negative (upset, worried, regretful, accusing, doubtful, preoccupied, defiant, hostile, cautious, distrustful, nervous, and suspicious), and 16 items for neutral (desire, insisting, uneasy, despondent, preoccupied, cautious, skeptical, anticipating, contemplative, decisive, tentative, pensive, interested, reflective, serious, and concerned).

Procedure
---------

Characteristics and clinical data were collected from participants; medical records included: age, gender, educational level, duration of illness, number of psychotic episodes, and medications. The doses of antipsychotics were presented as haloperidol equivalents according to Inada and Inagaki \[[@b11-pi-2020-0040]\]. The severity of symptoms in schizophrenia patients were rated prior to the Eyes test using the Scale for the Assessment of Positive Symptoms (SAPS) and the Scale for the Assessment of Negative Symptoms (SANS) by a psychiatrist. The SAPS and SANS have global rating scores of 0--20 and 0--25, respectively. Higher scores indicate more severe symptoms \[[@b12-pi-2020-0040]-[@b15-pi-2020-0040]\]. Subsequently, the Eyes test was administered by independent research assistants. All participants gave written inform consent, and the study was approved by the Human Ethics Committee of Thammasat University (MTU-EC-ES-6-043/59).

Statistical analysis
--------------------

Data were analyzed with STATA v14. Performance of the Eyes test and the sub-score of emotional valences (positive, negative and neutral) were presented by percentages of the correct answers. Between groups' differences were analyzed with independent t-test, and Cohen's effect sized were calculated. Multivariable linear regression analysis was also carried out to examine and adjust the effects of various characteristics.

RESULTS
=======

Participant characteristic and clinical data are reported in [Table 1](#t1-pi-2020-0040){ref-type="table"}. There were no significant differences between schizophrenia and normal control groups in age and level of education, but the proportion of female was higher in the normal control group.

The accuracy of the overall score and each emotion valence sub-score are illustrated in [Table 2](#t2-pi-2020-0040){ref-type="table"}. Schizophrenia patients had significant lower scores than normal controls in total score, negative valence and neutral valence scores; however, no significant differences in decoding positive valence was found. The effect sizes for the differences of negative valence was the largest (1.05), followed by neutral (0.9), with the effect size for positive valence was considerably smaller (0.34).

After controlling for the effects of gender, age, and educational levels, multivariable linear regression analysis confirmed that the schizophrenia group had impairments in negative and neutral valences but not within the positive one ([Table 3](#t3-pi-2020-0040){ref-type="table"}). Level of education was a significant predictor in all emotional valences, with the exception of the positive one. Age and gender did not influence the performance of all emotional valences.

DISCUSSION
==========

As previously mentioned, although there is a considerable body of research using the Eyes test to examine the affective theory of mind in people with schizophrenia \[[@b3-pi-2020-0040],[@b4-pi-2020-0040]\], very few studies have actually examined whether these impairments varied according to the emotion valences within the test itself. Overall, the present study demonstrated that the healthy controls showed more accuracy in the Eyes scores than schizophrenia patients. This appears to support previous evidence stating schizophrenia patients have impaired affective theory of mind \[[@b3-pi-2020-0040],[@b16-pi-2020-0040]\].

Schizophrenia patients showed large deficits in negative and neutral valences, approximately 1 SD below normal controls. Nonetheless, the level of correctness for positive valence was comparable between patient and control groups. This may highlight that there is significant variability in the performance of affective theory of mind, within emotional valence. These impairments seem to be visible in only negative and neutral emotional perception. Our study concurs with previous research which only used basic facial emotion recognition tasks; even with the deployment of a larger range of emotions, there were far less deficits in positive feeling recognition versus negative \[[@b6-pi-2020-0040],[@b7-pi-2020-0040],[@b17-pi-2020-0040]\]. Our results are in line with Tadmor, who also used the Eyes test. Here, it was shown that both first episode and chronic schizophrenia patients performed worse in decoding negative and neutral emotional valances than the control group, yet no differences were observed in positive valence \[[@b18-pi-2020-0040]\].

There is a consensus agreeing patients with schizophrenia have difficulties decoding the emotion perception of others, but there are two hypotheses regarding the nature of these deficits. The first is that the emotional perception impairment is secondary to generalized cognitive impairments, e.g., visuoperceptual ability. The second is that it is a specific deficit in the recognition of emotions \[[@b19-pi-2020-0040]\]. Our results support the latter hypothesis, as there is a large variation of deficits between negative and positive emotions that can hardly be explained by visuoperceptual problems. Our results also suggest the presence of a separate evaluative system for positive and negative emotional valence \[[@b20-pi-2020-0040]\]. Though studies have found abnormalities in the brain circuits during emotion processing in patients with schizophrenia, e.g., amygdala, the precise mechanisms responsible for the decoding of each emotion valence are still far from fully understood \[[@b21-pi-2020-0040]\]. Future studies might focus on the neural mechanism underlying the decoding of each specific emotion.

The present study has several potential clinical implications. It highlights the need to evaluate specific emotion decoding impairments separately. Furthermore, emotional recognition or affective theory of mind training should be focused on negative emotional valences than a positive one.

Strengths and limitations
-------------------------

One strength of our study is we have used the Eyes test to examine a greater variety of subtle emotional states versus earlier research. We also included healthy controls that matched the schizophrenia patients' level of education, which is usually considered as an important predictor of the Eyes test performance \[[@b5-pi-2020-0040]\].

In terms of limitations, our patients are not homogeneous in episodes of psychosis; 48% of them were first-episode psychosis, while the rest were multiple. These two groups might demonstrate a different level of deficits. Secondly, all schizophrenia patients received antipsychotic drugs, so the effects of medication possibly influenced task performance. However, since our inclusion criteria was clinically stable schizophrenia who received treatment for at least 12 weeks, antipsychotic medication was unavoidable. Lastly, the proportion of females in our control group was significantly higher than in the patient group. A meta-analysis of the Eyes test in a healthy population demonstrated a trend of female superiority; therefore, there was a possibility that the higher proportion of females in the control group of our study might magnify the result. However, the difference between gender was small, with an effect size of only 0.17 \[[@b22-pi-2020-0040]\]. Moreover, studies comparing schizophrenia patients and healthy controls usually found that there were no significant effects of gender for the Eyes test performances \[[@b4-pi-2020-0040],[@b5-pi-2020-0040],[@b23-pi-2020-0040]\]. This could be because the effect of disease status is much stronger and might override the effect of gender.

In conclusion, there is a variability in the impairments of affective theory of mind according to emotion valence. The deficits seem to specific for only negative and neutral emotions, but not positive emotions. Further research is needed to determine why exactly the impairment of positive emotion detection does not occur in schizophrenia patients.
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###### 

Characteristics

  Variable                                                          Schizophrenia (N=50)   Normal controls (N=50)   p-value
  ----------------------------------------------------------------- ---------------------- ------------------------ ---------
  Gender: female, N (%)                                             28 (56)                41 (82)                  0.009
  Age (years), mean (SD)                                            37.1 (13.2)            36.5 (11.2)              0.8
  Education (years), mean (SD)                                      13.5 (3.4)             14.5 (4.0)               0.171
  Duration of illness (years), mean (SD)                            8.1 (9.2)              n/a                      \-
  Number of episodes, N (%)                                                                n/a                      \-
   -1                                                               21 (42)                                         
   - \>1                                                            29 (58)                                         
  Positive symptoms (SAPS), mean (SD)                               2.4 (2.4)              n/a                      \-
  Negative symptoms (SANS), mean (SD)                               7.1 (4.8)              n/a                      \-
  Typical antipsychotic drugs, N (%)                                34 (68)                n/a                      \-
  Atypical antipsychotic drugs, N (%)                               18 (36)                n/a                      \-
  Antipsychotic drugs (mg/day, haloperidol equivalent), mean (SD)   5.3 (5.2)              n/a                      \-
  Anticholinergic drugs, N (%)                                      17 (34)                n/a                      \-

n/a: not applicable, SAPS: Scale for the Assessment of Positive Symptoms, SANS: Scale for the Assessment of Negative Symptoms

###### 

Performance in affective theory of mind test

  The eyes test      Schizophrenia: % correct answer (SD)   Normal controls: % correct answer (SD)   \% difference   Cohen's d effect size (95% CI)   p-value
  ------------------ -------------------------------------- ---------------------------------------- --------------- -------------------------------- ---------
  Total score        53.1 (11.2)                            64.9 (11.5)                              11.8            1.04 (0.62--1.45)                \<0.001
  Positive valence   48.3 (20.4)                            55.3 (20.5)                              7.0             0.34 (-0.05--0.74)               0.09
  Negative valence   47.5 (16.1)                            63.3 (13.9)                              15.8            1.05 (0.63--1.47)                \<0.001
  Neutral valence    58.1 (14.5)                            71.1 (14.3)                              13.0            0.9 (0.49--1.31)                 \<0.001

###### 

Multivariable regression analysis of factors predicting performance in social cognition tests

  Variable                Coefficients   p-value
  ----------------------- -------------- ---------
  Total score                            
   Group: schizophrenia   -11.1          \<0.001
   Gender: female         -2.6           0.263
   Age                    -0.1           0.298
   Education              1.4            \<0.001
  Positive valence                       
   Group: schizophrenia   -5.0           0.238
   Gender: female         3.8            0.42
   Age                    -0.01          0.939
   Education              0.9            0.144
  Negative valence                       
   Group: schizophrenia   -15.8          \<0.001
   Gender: female         -5.9           0.061
   Age                    -0.3           0.044
   Education              1.4            \<0.001
  Neutral valence                        
   Group: schizophrenia   -11.7          \<0.001
   Gender: female         -1.5           0.621
   Age                    -0.2           0.128
   Education              1.5            \<0.001
